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WELLBORE CASING 
Cross Reference To Related Applications 

This application claim* the benefit of the filing date of US. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
underired outflow of drilling fhiW 

formation into the borehole. The borehole is drilled in mteirols whereby a casing 
which is to be installed in a lower borehole interval is bwaned through a previou^ 
installed casing of an upper borehole interval. As a consequence of this procedure 

10 the caging of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction- Cement annuli are provided between the outer 
surfaces of the casings and the bowholewaU to eeal the casings fern the borehok 
walL As a consequence of this nested Brrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing JiAn^rng equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to requited cement pumping, cement 
hardening, required equipment changes due to large variations in hoi e diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed, 

TTie present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that ini^ea installing a tubular liner and a mandrel 



in the boreho le, injecting fluidic material into the borehole! and radially expanding 
the liner in the borehole by extruding the liner off of the mandrel. 

According to another aspect of the present invention, a method of forming 
a weHbore casing is provided that includes drilling out a new section of the 
5 borehole ftfl?Kynt to th* already g^Rting raring. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an fl^nnUr region between the tubular liner and the new section of the borehole. 
The annular region between the tubular hner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular hner below the 
mandrel A non hardenable fhrioic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular hner is extruded off of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remainin g portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable Bealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
fTptmrtfrtg a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member factadesa first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular member is coupled to them 

to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, an 
80 expandable mandrel, a tubing 

The support member includes a first fluid passage t a second fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 



mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tabular member to a first tubular member, the first tubular member 
having an inner diameter greater than an crater diameter of the second tub ular 
member, is provided lhat includes positioning a man^ 
10 of the second tubular member. A portion of an interior region of the second 
tabular member is pressurized and the s« 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the RTmular member, and 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that inc ludes a tubular liner and an annular body of a cured fluidic 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular lingr off of a mandreL 

According to another sapect of the present invention, a tie-back liner for 
lining an existing weuhore casing is provided that includes a tubular liner and an 
annular body of cured fluidic sealing material The tubular liner is farmed by the 
process of extruding the tubular Knar off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tub ular liner . 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that include* a support member, a 
mandrel, atwbularmemherandasboe The support member includes a first Quid 
passage. The mandrel is coupled to the support member. Hie mandrel includes 
30 a second fluid passage operahry coupled to the first fluid passage, an interior 
portion, and an exterior portion, Theinterior portion oTthe mandrel is drfllable. 
The tubular member is coined to the mandrel The shoe is coupled to the tubular 

-3- 



member. The shoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is Amiable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 

first quantity of a hardenable fluidk sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view iHustratingthe injection 
of a first quantity of a hardenable Huidic sealing material into the new section of 

15 the weD borehole, 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fhndic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole, 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a f PF^g inchidfog a drillable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional illustration of a wellbare including a pair of 
mfotrftnt overlapping casinga 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tabular member. 
5 HG-lOckacrose-eectic^ 
material into the annular region between the tubular member and the existing 
casing. 

FIG. lOdiaacrose-sectionaliltas^ 
of the tabular member below the mandr el 
10 FIG. lOe Is a cross-sectional illustration of the extrasian of the tubular 

member off of the mandrel 

FIG. IWia a cross-sectional fflu^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an ffrpfln^iKV tubular member. 

FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. llbisafragmentarycros^ 
an embodiment of an apparatus for hangh^atubularliner within the n^ 
20 oftheweU borehole. 

HQ- 11c is a fragmentary cxoot 
a first quantity of a hardenable flnfafic scaling material nto 
well borehole. 

FIG. lid is a fra gmentar y cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 
FIG. 11* is a fragmentary crc*we^ 
a second quantity of a hardmwble flnidin iralmg material into the new section of 
the well borehole. 

FIG. 1 If is a fragmentary crosa-sectional view fflnstrating the completion 
30 of the tubular liner. 



Detailed Description of the IQnstntive Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping Joint that prevents fluid 
and or gas passage. The apparatus and method Anther permits a new tubular 
10 member to be supported by an existing tubular member by frrpmrimg the new 
tubular member into engagement with the emting tubular member. The 
apparatus and method further TnfmmtT** the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
a nd interior portion of the tubular member. In this manner, a tie-back liner is 
produced The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an tubular member by rrpanrtfng the new tubular 

member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe* In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for frMgfag an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method pennft a tubular mier to ^ 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in generaL 
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Baf erring initially to Figs. 1-5, on embodiment of an apparatus and method 
for forming a wdlbare casing within a subterranean formation will now be 
described Asflhistxatedinr^. ^awellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an Annular outer layer of cement 120. 

In aider to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is uaed in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 280 far forming a wellbore casing in 
10 a subterranean formation is then positioned in the new aertion^ 
100. The apparatus 200 preferabfr 

tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fmid passage 240 f seals 245, and a sim^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
20 embodiment, the exp a ndable mandrel 205 comprises a IrydranBc expansion tool as 
disdoeed in US. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Hie tubular member 2 10 is supported by the expandabk mandrel 205. The 
26 tubular member 210 is expanded in the radial direction and extruded 
expandab l e mandrel 205, The tabular maadw 210 may be fabricate 
number of conventional a rn i mrn nM fr available xnaterials such as, for example, 
Oilfield Conntry Tubular Goods (OCTQ), 13 chromhmi sted tubm or 
plastic tubing/casing. In a preferred embodimant, the tubular member 210 is 
30 faJ>rkatedfromOCT^ 

The inner 

and outer diameters of the tubular member 210 may range, for example, ftom 
»PPn«iinatdyOJ5to47 inches ai^ In a preferred 
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embodiment, the inner and outer diametera of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minmuze the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any n umb er of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe era guide shoe 
with a sealing sleeve for a latch down prog modified in accordance with the 
tea c hin g* of the present disclosure. In a preferred embodiment, the shoe 216 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameter* of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred emlK)^^ the shoe 2 15 includes one or more through and 

side outlet ports in fluidic communication with the fluid passage 240. In this 
manner , the shoe 215 optimally injects hardenable flnidlc sealing nrateruU into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receivead^ar^orabaUBeaH^meniber. In this manner, the fluid passage 240 
can be optimally sealed offby mtroduemgaplug, dart and/or b all sealing elements 
into the fluid passage 230. 
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The lower cup seal 220 is coupled to and supported^ the support member 
250. The lower cup seal 220 prevents foreign m a tariaLs from catering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
6 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cupa modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises aSXP cup seal, available 
from Halliburton Em 
material and contain a body of lubricant, 
10 The upper cup seal 226 is coupled to and BURxated by tte supixrrt member 

250. The upper cup seal 226 prevents foreign materia 

region of the tubular member 210. The upper cup seal 225 may comprise airy 
number of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred emb<>diment f the upper cup seal 225 comprises a SIP 
cup, availabkftxmi Halliburton E 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tufai1arTnmiW21Qhelm g thftiiTp ft nrf < »K! 0 ^ni^t 

20 205. The fluid passage 230 is coupled to and positioned within the support 
member250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandre!2Q5. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 The Ouid passage 2^ is preferah^ 

operation, to transport materials suedi as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimise drag on the tabular member being run and minmii^ 
surge pressuiesaffirted rathe 

30 and lead to bole collapse. 

The fluid passage 235 permits flnidir materials to be released from the fluid 
passage 230, In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluid* materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
236 is coupled to and positioned within the support member 250. The fluid 

5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimise surge pressures. The 
fluid passag e 235 is preferably positioned substantially orthogonal to thecenteriine 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDona/minute and 0 to 
9 ,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
sha p e tfrat pt»rmlt» aping, or other amflar device, to be placed in fhiid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10, This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along thecenteriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures r anging from about 0 

30 to 3,000 gallonaftninute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 2 10 and the new Bection 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a baD sealing member. 
In this manner, the fiuid passage 240 can be sealed off by mtroducing a phig, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubularmenmer210. Thes^ 
of the end portion 260 of the tubular member 210. Hie seals 245 permit the 
orolapping joint between the end portion 270 of the casing 115 and the portion 
2«)ofthetubnlarmember210tobefl The seals 246 maty comprise 

any number of conventional commercially available seals such as, for example, 
10 lead, rubber, Tfefloii, or epo^ 

the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalocfcepoxy available from Hallibnrton Energy 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115, 
15 In a preferred embodiment, the seals 245 are select 

a sufficient frictional force to support the expanded tubular member 2 10 from the 
existing casing 116. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250 is eon 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficed stra 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiinent, the support me 
25 centralizers (not illustrated) to help stabilise the apparatus 200. 
^ a preferred embodmient, a qu^ 
annular region above the expandable mandrel 206 within the interior of the 
tubular nranber 210. In this manner , the extrusion of the tubular member 210 off 
of the expandable numdrd The hibricant 275 may comprise any 

SO number of conventional commercially available lubricants such as, for example, 
Lubrfrlato, chlnrine based lubricants, ofl basedlnbricam^or CUmax 1500 Anti*riase 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisieze (3 100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
S prior to assembly to the remaining portions ofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
mmimizesthe possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the now section 130 of the wellbore 100, a couple of weHbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then Awed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230* The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 10 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pum ped The optimum flow rate and operating pressure are preferably determined 

30 using conventional empirical met h o ds. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 



for example, slag mix, cement get epoxy. In a preferre d embodiment, the 
hardenahle fhridic sealing material 305 comprises a blended cement prepared 
specifii^forthepart^^ Halliburton Energy 

Services in Dallas, TX in order to provide optimal rapport for tubular member 210 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the aimular region 315* The optimum blend 
of the blended cement is preferably determined using conventional empirical 

The annular region 316 preferably is filled with the ma teri al 305 in 
10 sufficient quantities to ensure tha^ upon radial *»f tabular member 

2 10, the azwito zegkm 815 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular me 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 mpodtionsmtte Furthennore, in 

this manner, the initiation of the radial g*p*»>ff»<m of the tubular member 210 
during the extrusion process is optimally facilitated. 

As flhistrated in Fig. 4, once the anzmlar region 316 has been adequately 
20 filled with material 306^^ 

fluid pasaage 240 thereby fiu idfcfr isolating the interior region 310 from the 
annular region 316* In a preferred embodiment, a non-hardenable fhxidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the mterirjr of the expanded tubular member 210 will 
25 not c ontain s i gnifi ca nt a mount s ofenred material 306, Thinrt^i^^ ^v^lif^ 
the cost of the entire process. Alternatively, the material 306 ins^ be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable inimdrel 206. During the extrusion 
30 process, the expandable mandrel 206 may be raised out of the expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 206 is raised at approximately tb* 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new weUbore section 130. In an alternative preferred embodiment, 
the extrusion process is commenced witii the tubular member 210 positioned abo^ 
the bottom of the new weUbore section ISO, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new weUbore flection 130 under the force of gravity* 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 406 into the fluid passage 230 at a surface location in a conventional 
manner . The plug 405 preferably acta to flundicfr isolate the hardenable fluidk 
10 sealing material 305 from the non hardenahle fluidk material 306. 

The plug 405 may comprise My number of conventional commercially 
available device* from phiggingafluid passage such as, for example.Multiple Stage 
Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 406 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates rangmg, for exampte, torn 
20 to 4,000 gallons/mm In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimiz ed. In a 
preferred enibodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 30 6 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approxiinatdy 500to9,000psiaad40to 
25 3,000 galloM/min in order to m«™niT*s the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minfmir e 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 2 10, the wall 
thicfcnftM of ttihnlar member 210 , the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the v^ thickness, the snialler 
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the mner diameter, and the greater the 

then the greater the operating pressures raquire^ 

210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
5 off of the expandable niajidrel^ 
310 reaches, far example, approximately 600 to 9,000 pel 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodime^ 
10 process, the expandable mandrel 206 iandsede*t of to 
tubular monber 210 at ra^ 
the tmie required fotte 
the expansion process. 

Whm the eiri portion 260 of the bilmW 
16 expandable mandrel 206, the outer surface 266 of the end portion 260 of the 
tabular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 116 to fonn an fluid tight overlapping joint The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 pat In a preferred emb odi me n t the contact praarore of the overlapping 
20 joint ranges from approximately 400 to 10,000 pd in order to jirovide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 

Theomlappingjoint between the aection410oftheexiBtingcasmgll6and 
the section286of the e^amied tabular member 
26 and fluidic seal InapartiailarbmtaarT^ 

optimally provide a finidic and gaseous seal in the overlapping joint 

Ina prden^ embodiment, the operath^pressure and flow rate of the iwm 
harrimnMp ftniritc material 306 is contrcllabfr nanped down when the expandable 
mandrel 206 reaches the end portion 260 of the tubular member 210. In this 
10 manner, tba midden release of preasnreca^ 

tubular member 210 off of the expawiable mandrel 206 can be nmiim^ Ina 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% dxiring the end of the extrusion process beginning 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the ftuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the ftuidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 1 1 5 is satisfactory, 
then anyuncuredportkmofthe material 305 within the expanded t^ularmfiniber 

20 2 10 is then removed in a conventional manner such as, for example, circulating the 
uncnred material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any wnnamingcured material 305 within 
the interior of the expanded tubular member 210 is thro removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubular member 210 fa c tories one or more seahng members 605 and one or 
more pressure relief hotel 610. In this manner, the o v er lap ping joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalised during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated w ithin 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular number 210. In an alternative preferred embodiment, the sealing 
10 niembers 605 axe borided or molded onto the o 

260 of the tubular number 210. The pressure relief botes 610 are preferably 
positioned to the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to fr panA the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity to turn minimises the mechanical shock to the 
entire apparatus 200 upon the completion of the extrusi on process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a wellborn preferably includes an 
20 expandabl e mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 716, a float shoe 720, a tewer cup seal 725, an upper cup seal 730, 
a fluid passage 735,afhiid passage 7^ 

750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expa nd able mandrel 706 is coupled to and supported by the support 

member745. Tbeexpaiidabteimmdrel 7<H^ 

mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controuably expand in a radial direc tion. The expandable mandrel 705 may 



comprise any numoer oi conventional conimerrially available expandable mandrels 
30 mo<iifiedtoaccordancovrith In a preferred 

embodiment, the expandable mandrel 706 comprises a bydranHc expans io n tool 
substantially as disclosed in UA Pat No. 6,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
S to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thicknww than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 716 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a pre fe rred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region begmnrog in the vicinity 
of the mandrel container 710 and ending with the top eeciicai 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and <mHtn g at the bottom 826 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 816 of the tubular member 716 in order to optimally 
facfliate the initiation of the extrusion process and optimal^ 
10 700 to be positioned in locations in the weflbore baring tight clearances. 

The outer diameter and wall thickness of the upper section 806 of the 
tubular member 716 may range, for example, from about 1.05 to 48 inches 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular member716 range fromabout3,6 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2L to 50 inches and 1/16 
to 1J> inches, respectively. In a preferred embodiment* the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 716 range 
20 from about 3-5 to 19 inches and 1/8 to L25 inches, respectively. 

The outer diameter and wall thickness of the tower section 815 of the 
tubular member 715 may range, for example, from about 2 J5 to 60 inches and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thicknpfw of the tower section flifi *r the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, &r Awmpi^ aluminum are used. 

The tubular member 715 preferably con^mses a aoM tubular member. In 
SO a preferred embodiment 

perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 7 15 is limited to minimixs the possibility of buckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
6 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830 f and one or more 
jet porta 835. In a particularly preferred embodiment, the crosa-eectional shape 
of the inlet passage 820 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increasing the strength ofthe 
shoe 720. In a particularly prefer r e d embodiment, the body of solid material 840 
comprises fthur?ii>'o <rn , 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a p r ef erred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weUbore, optimize the seal between the 
tubular member 716 and an existing wellbore casing, and to optima^ 
removal ofthe shoe 720 by drilling it out after completion ofthe extrusion process. 

The lower cup seal 725 is counkd to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in f f ^r J h m ' mxMk the teachings ofthe present diadosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SEP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 



-20- 



The upper cup seal 730 is coupled to and surmortedlry the support member 
760. The upper cup seal 730 prevents foreign inateriab 

region of the tubular member 715. The upper cup seal 730 may comprise any 
numb er of conventional commercially available cup seals such as, for example , TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachingsof the present disclosure. In a pmforr«H rnnWwfor,^ ^ Ilpper ^ ^ 
730conmriaegaaiPcmyavMTah^ 
monfcr to optmiaDy provide a debr^ 

The fluid passage 735 pennits fluidic materials to be transported to and 
10 from the interior region of the tubular ineinber 716 below tte 

70S. 11* fhiid passage 735fafmidf^ The Quid 

passage 736 is preferably coupled to and positioned wftlmi the support ine 
760, the support member 746, the mandrel container 710, and the expandable 
mandrel705. The fluid passage 735 preferabfy ertenda 
15 to the surface to the bottom of the expand 

is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to a,nnn galhmsAninnte 
and 600 to 9,000 psi in order to provide wifficientcperetiiigpr^r^ tcextnide 
20 the tubular member 716 off of the expandable mandrel 70S 

Ab describ ed above with reference to Pigs. 1*6, during placement of the 
a^paraJxis 700 within anew sedion 

fluid passage 736 can be released into tittwefflmre above the tx*^ 

In a preferred embodiment, the apparatus 700 fkrther includes a pressure release 

26 passage that is coupled to and positioned withm the s^ The 
pressure relew passage is furto The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In & preferred embodiment, the control 
valve is pressure activa^ ^ 

30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. Ttw pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 



-21- 



and pressures Tanging from about 0 to 500 gaUona/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to ra^ifr*""* surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fiuidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
phig, ox other similar device^ 
10 to thereby block farther passage of fluidk materials. In this manner, the interior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicry isolated from the regkm exterior to the tubular member 715, 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 
15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 
20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passaga 740 include* an inlet passage 830 having a goometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 
25 faapiefemdmbodiinen^the 

Egp i s 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 axe further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 
30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commerdalry available seals such as, for example, lead, 
rubber, Teflon, or epozy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 71 6 and an 
5 existing casing with optimsl load 
715. 

In a prefim^ embodiment, the seals 846 are salected to provide a guflBcient 
frtoiona! force to support the expanded tubular member 715 from the existing 
easing. In a preferred embodiment, the frictionai force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 715, 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. Th» support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
16 700intoanewsBctionofawelIb«e, The support member 746 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high itangthtu^ 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 comprises 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the cxpanriflhlfl numrirel container 710 within the interior of 
the tubular member 715. In this manner, theextrusion of the tubular member 715 
offofthe expandable mandrel m is ^ The lubrkant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oH based lubricants, or Climax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiexe (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faeiliate the extrusion 
30 process. 

The overshot connection 755 is coupled to the support member 745 and the 
support member760. The overshot connection 755 preferablypermitsthesupport 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerrtring Sealing Adapter, 
Innerstrimj Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 p referred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 p referably CTmpriflgg flfr annular -member having sufficient strength to carry the 
apparatus 700 into a new section of a wellborn The support member 760 may 
comprise any number of conventional commercially available support members 
micb as, for example, drill pipe, coiled tubing or other high strength tabulara 
modified ma«ordan» In a preferred 

15 embodiment, the support member 760 comnriaesaconventkmal drill pipe available 
from steel Twill* in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. Hie stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diamet er of the tubular member 715 in order to optimally minimize 
buckling ofthe tubular member 715. The stabuizer 765 m^ comprise anynumber 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragblocka modified in accordance with the teachings 

25 of the present disclosure. In a preferred embo dtrnffnt, the gt ahilrrfir 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembfr to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimi raw the possibility of foreign material dogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 7<» to onier to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion process. 

In a preferred embodiment, the npparataa 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

As illustrated toffe 8. man altera*^ 
and apparatus described herein Is used to repair an existing wellbore casing 805 
by forming a tabular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidk 
16 materkls can be used to expand the tubulw 

the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 areprefferabb/prwddedatbo^ 

to optimally provide a fhuaic seal In an alternative preferred embodiment, the 
20 tubular liner 810tofbrmedw^ 

as thew used to transport hydrocarbona or water, v^ 

in an overlapping relationship with the adjaxwit pipeline section. In this manner , 
underground pipelines can be repaired witbxmtliaviiig to d^ 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described bimmi is usedtodn-ectty Jnn 
preferred embodiment , an outer annular Ihungofcenienttonotprovid^ 
the tubuiarh^ 810 and tne wellbore. m the alternatire preferred enibodm^ 
any number of fluidk materials can be used to expand the tubular hner 810 into 

30 mtimate contact with the weffi«resuch^&r ex 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 

908. In a preferred embodiment, the dMrign and construction of the mandrel 906 
5 and shoe 908 permits easy removal of those elements by drillii^t 
manner , the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. Doling operation of the 
10 apparatus 900, the tabular member 902 is preferably extruded off of the mandrel 
906 by pressurizing an interior region 968 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croas-aectian. 

In a particularly preferred emhodiment, an ffrpnn dnhlft tubular member 915 
is coupled to the upper portion 9 10 of the expandable tubular member 902 . During 
15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
ofthernandrd906bypressu^ 

902. The tubular member915 preferahryhaaaqihstentialry annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater »h<m the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulara in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 In a particularly pppf>rr^ -rnhnA im^t t tha tubular mgmber 915 haa a plastic yield 
point ranging from about 40,000 to 135,000 pa m order to optimally provide 
approximately the same yield propertieg as the tubular member 902* The tubular 
member 915 may comprise a plurality of tubular members coupled end to end* 
In a preferred ernbodmoent, the upper end portion of the tubular member 

30 916 mcmdefl one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section efviellbexecaamg. 



In a preferred embodiment, the combined length of the tubular members 
902 and 9 15 are limited to ininimize the possibility ofbuckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 ofthe tabular member 902 is preferably coupled to 
tb£srioe908byatbxeadedcarmflction968. The intermediate portion 912 ofthe 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 802 may be fabricated from any number of 
10 conventional commercially available Materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steefa. In a preferred embodiment, 
the tubular member 902 is fabricated from oflfieM t 

provide approximately the wttw TDflrh nnk*n I properties aa the tubular member 915. 
In a particularly preferred ran^^ 
16 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tabular member 915. 

Tba wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member 902 mi^range,fcTexample,fh>m about to 1.6 
inches. In a preferred enibodimmt,tta 

20 and lower portkma, 910, 912 and 914 ofthe ta 

1/8 to L25 in order to optimally provide wall thickr^ that are about the same as 
the tubular member 915. In a preferred embodiment, the wall thickness ofthe 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outer diameter of the upper, brtermadiate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for esaumje, from about 1.05 to 48 
inches. Inapreferred embodiment, the outer diameter ofthe upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 % to 19 inches in order to optimally provide the ahUily to expand the most 
c ommonly imrf oflfieM *"h"]fflrff 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 camm eraafly available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U .S . steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teaching* of the 

10 present disclosure. In a preferred embodiment, tiie tubular member 915 comprises 
Oilfield Country Tubular Goods available from various ILS. steel mills. 

The various elements ofthe tubular member 902 may 
numb er of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise aplurallty 

end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
inember915maycconpriseap^ 

end The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstaring adapter 918, 
a Quid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 9W preferably support 
during movement of the apparatus 900 within a wellbore* The support member 
904 preferably has a substantially annular cross-section. 

30 The support member 904 may be fabricated from any number of 
conventional commertnally available materials such as, for example, oflfieU 
hibulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
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embodiment ., the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The inneratring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The inneratring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 962. In a preferred embodiment, the fluid 
10 passage 918 is used to convey hardenabk ***** ^%gimttrialn to nnd from the 
agparatus900> Inaparticularrypre^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 

15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardmable fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion ofthe support member 
904. The upper guide 920 preferabty is ada$ited to center Uwsuprx^ member 904 

20 within the tubular member 915. The upper guide 920 may conqjrise any number 
of conventional guide members modified in accordance wMi the teaching s ftf the 
present disclosure. In a preferred wnhodimftnt, the upper guide 920 comprises an 
imierstringadapter available from 

to optimally guide the apparatus 900 within the tubular member 915. 
25 Thecoupling 922 couples the support member 904 to tb^mano^l 906. ^ 

coupling 922 prefcrabfr comprises a cotto threaded connection. 

The various dements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one pi^ In a preferred embodiment,^ various 
80 elements of the support member 904 are coupled using threaded connections. 
The mandrel 906 preferably inctades a retainer 924, a rubbered 
expansion cone 928, slower eone retainer 930, aboo^ of came 



934, en extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946 , lubricator sleeve 
5 948, and the rubber cup 926 . The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably ha3 a substantially annular 
cross-section- The retainer 924 may comprise any number of conventional 
comme rcially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the fabricator sleeve 94S. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cop 926, The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
numb er of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiseize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optionally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 ia coupled to thskmereoiieretamer930,ttebc^ 
ofceiiwnt 932, the lower gu^ 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embc^iment, axial movement 
of the expansion cone 928 is prevented by the low co^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion com* 92fl preferably ha* * aiW^mH q-Tmlar mm section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall t h ic k n e ss of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thi ckn e s s of the expansion cone 928 ranges from about 0,25 to 0.75 inches in order 
to optimally provide adequate compressive strength with ™mT|n ft ] material. The 
10 maximum and minimum outside diameters of the expansion cops 928 may range, 
for example, from about 1 to 47 inches. In a preferred frmhodiinent, the maximum 
and minimum outside diameters of the expansion cone 928 range from about 8.5 
to 19 in order to optimally provide expansion of generally available oilfield rnK nlffm 
The expansion cone 928 may be fabricated from any number of con ventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide h^ strength aiid abrasion resistance. 
The surface hardness of the outer smiaceoftheexpanflimoone928mayran^ > fbr 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment^ 
20 the surface hardnes s of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimalry provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 9S0 is coupled to the expansion cone 928 and the 

housing 940. In a prefer r e d embodiment, axial movement of the expansion cone 
928 is prevented by the tower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional c ornTTmrdaD y available materials such as, for example, e*™™^ tn*i 
steel, titanium or iow alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the tower cone retainer 930 and the rrpnnmnn 

10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer MO preferably mates with the inner surfaces of 
the tufa 1 *** members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandr el 906. 

15 The body of cement 932 provides an mner bearing structure for the mandrel 906. 
The boo> of cement 932 ftnrtherniay be ea 

device. In this manner, the mandrel 906 may he easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
tf>Tnftftth^^11flh)f > ^f^ 1H ^ f ^P n, ^i ^agg^gg^msta^maybesubstitated 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 During operation of the apparatus 900 l the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 984 preferably baa a substantially annular cross-section. 

The lower guide 934 may be fabricated from any mimber of conventional 
coinmcxciaUy available materials such as, for enmpb, oilfield tabulars. low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from tow alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 i^erobfy mates with the iimer surface 
of the tubular member 902 to provide ft sliding 1 fit. 

The extension sleeve 936 is coupled to the lower guide 934 iin^ 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferabry ha* a subeta^ 

The extension sleeve 936 may be fabricated from airy nu mbe r of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steel or stainless steel In a prefe rre d embodiment, the 
10 extension sleeve 936 is fabricated from 

highyield strength, The outerairfaceof the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the itrength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this marker, a plug or can be cm 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a erabstantially ftnrmlm- cross-oectioiu 

Th& spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fibricatedfi^ aluminum in 
order to optimalry provide drillability . The end ofthe spacer 938 preferahly mates 
25 with the end of the extension tube 960. Inapreftxredembodiinent, the spacer 
938 and the sealing sleeve 942 are fom 

to reduce the mnnberof wmn^onents and increaae the strength ofthe apparatus. 

The housing 940 is coupled to the lower guide 93*. extension aleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
30 operation ofthe apparatus 9TO, the housing 940 prefer^ 

motion ofthe prpans km c one 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available material* such as, for example, oilfield tubulars, low alloy 
steel or stainless steel In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength* In a 

5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to mirtmrixp the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 Includes one or more protrusions to fadliate the connection between the 

10 housing 940 and the body of cement932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealmgsleeve 942 is preferably coupled to the support member 904 U3ing 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
czoflB-eection, 

The sealing sleeve 942 may be fabricated from airy number of conventional 
commercially available materials such as, for example, steel, ah unmnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing ideeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 mdudea one or more protrusions to facfliatft the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are mtegralry formed as a one-piece element in order to rninimix e the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
croafl sec taon. 
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The upper cone retainer 944 may be fabricated from any number of 
conditional commercially available materials such as, for example, steel, 
aluminum or (art iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from al uminum in order to optimally provide drillability of the upper 
5 cone retainer 944. 

In a particularly prefen^ einbodSmenV^ retainer 944 has a 

cross-aectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional rim pe 
that is substantially I-sbaped to provide increased rigidity and minimise the 
10 amount of material that wuuld have to be drilled out. 

The lubricator mandrel 946 is coupled to the wtainer 824, the robber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 960. 
During operation of the apparatus 900, the lubricator iiumdrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and tlie tabular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross^ection. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the fabricator mandrel 946 is 
!0 fabri cated from ahrminum in order to optimauy provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, theuiiper cone retains 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
5 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular croas-sectian. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum ox east iron. In a preferred embodiment, the lubricator sleeve 948 is 
) fabricated from aluminum in order to orjthnaOy provide driDability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 946 is supported by the 
Lubricator mandrel 946. The hibricatcr sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred einbodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the hibricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-eectiorL 

The guide 950 may be fabricated from airy number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide nonliability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys har d en a b le fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey bard enable fluidic materials at pressures 
20 and flow rate ranging from about 0 to 9,000 o^ 
to optimally provide pressure 
the installation of the apparatus 900. 

The various elements of the mandrel 906 maybe coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The bousing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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afaoe 908 to f a c il it a te the e xtrusion and positioning of the tubular member 902, 

Preferably, the housing 9ft4 hflff 9 fflbfft3Ilti»lly *rmnW ^^py^i^ 

The housing 954 may be fabricated from any number of conventional 
commercially available materials audi as, for example, steel or al uminum . In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabiBty of the h ousing ' 854. 

In a particularly preferred embodiment, the interior surface of 
9S4 includes one or mora prpfatimmm tn facfliate emr>m^ m between the body 
of cement 956 and the housing 954, 
10 Tto body of cement 966faco^ aixi the sealing sleeve 

958. In a preferred embodiment, the cnmpoailicxn of the body of cement 956 is 
selected to permit the body ^ 

drilKng mn*»hTn«»« nnft prOftfffl ftg , 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drQlabk 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The waling aleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenab le fluidic material from the flnid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in ratter tn mpr± th» hflTdm^hfr ffajflic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing aleeve 958 further 

25 inchidesan inlet geometry that permto a era v 

lodged in tbemkrt of the eealn^ In this manner, the fluid passage 962 

may be blocked thereby fhiidicly isolating the 
member 902, 

In a preferred embodiment, the sealing aleeve 958 has a substantially 
30 exmularcxoes-sectkm. The sealmg aleeve 958 may be f&^ 

of conventional commerdalry available materials audi as, for example, steel, 
ahuninnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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~ fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958, 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, end one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the ap p aratu s 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 968. In this manner, the fluid passage 962 is blocked 
thereby fluididy isolating^ mterior region 966 of the tubular member 902. In 
a pt e fe ixed embodiment, one end of the exten m on tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the transfer of material between the 

15 two. 

In a preferred em bodiment , the extension tube 960 has a substantially 
annular cross-section. The extension tube960 may be fabricated torn any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fa bri cated from aluminum in order to optimally provide drfflabuity of the 
extension tube 960, 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xt ensi o n 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials, In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. fa ft p^™!*^ prmT^rvvA embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in order to optimally 
provide fluids at operationally efficient rates. 

30 The outletjets 964 are coupled to tte 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferabry convey hardenable fluidic material from the fluid passage 962 



to the region erterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodimeat, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

Ths various elements of the shod 908 may be coupled using any munber pif 
conventional process such aa> for example, threaded connections, cement or 
machine d from one piece of material In a preferred embo dimen t^ the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 
described above wiA 

weHbore or to repair a wellbore casing or pipeline. 

In particular, in order to exten d a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 

16 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the weQbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable flutdic sealing 

20 material is then pumped from a surface location into the fluid passage 91B. The 
hardenable fluidfcaealmgma^ 

interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing rnaieriidthm passes from 

the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular men 

wellbore. Continued pumpingofthe hm-Amahl* fluidic — ^ g ii fftfirial rmiaoq the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material la preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 galton!^ In a preferred embodiment, the 

hardenable fmidicsealinginaterW 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fhxidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferabry determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also inaintaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the Mimilar 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the Annular region has been adequately filled with hardenable fhiidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage &62 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other wmilflr device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimised. 

Once the interior region 966 becomes suftWently pressurized^ 
members 602 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904 During this extruskm 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the phig ordart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug osr dart 974 may comprise any numb er of 
convention commercially avails 

for example, Multiple Stage Cementer (MS© latch^down ping; Omega latch-down 
10 plug or three-wiper latch down pw^ 

the present disclosure. In a preferred embod 

a MSG latch-down phig available from BalBmrton Energy Services in 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardeuabie fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 600 to 9,000 psi and 40 to 
3,000 gallona/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reai±esappraximata^600to^000^ In a preferred 
embodiment, the extrusion of the tubular members 902 aixi 915 offof the mandr el 
906 begins when the pressure of the interior region 966 reaches approximately 
1*200 to 8,500 psi with a flow rate of about 40 to lgfin gallona/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 e xp and e d portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 fVsec in order to 
optimally provide pulling speed fest enough to permit efficient operation and 
30 permit fuU expansion of the tubular m 

hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portbaofthe tubular member 
915 will preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint . The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a preferred embodiment, the contact pressure of the overfappingjouit between the 
upper end of the tubular member 915 and the printing section of weUbore caring 
ranges from approximately 400 to 10 t 000 psi in order to optimally provide contact 
pressure to activate the sealing membcra and provide optimal re^ 
10 the tubular member 915 
compressive lomfa 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable flnidic material will be controUably ramped down when the mandrel 
906 reaches the upper end portion ofthe tubular member 915. In this manner, the 
15 sodden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be ffiftiimiffid In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the exlxusion process begmnmg when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

In an alternative preferred embodiment, the operating 
rate ofthe hardenable fhiidic sealing material and/or the non hardenable fhndic 
material are controlled (hiring all phases of the operation of the apparatus 900 to 
minimise a hfyfr 
25 Alternatively, ormcoTTihiTO 

member 904 in order to absorb the shock cawaed by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching stnuiure is provided 
above the support member 904 in order to cattm or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 
the wellborn Ina preferred embodiment^ either 

mandrel 906, the integrity ofthe fluidk seal of the overlapping joint between the 
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Upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is saiialactory, then the uncured portion of any of the 
5 hardenable flnidic sealing material within fee expanded tubular m embe r 915 is 
then removed in a euiivenlional manner. Tha hardanahle y» sealing m a terial 
within the annular region between the expanded tubular member 915 and the 
existing caamg and new seetra 

Preferably any remaining cored hnrdmabl e fluidic sealing material within 
10 the interior of the expanded tabular membera 902 a^ 

conventions! msmwusinga conventional drill string. The resulting new section 
cf casing preferably ir^^ 

outer annular layer of cured hardenable flnidic sealing material The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional d rilling methods 

In an alternative embodiment^ during the extrusion process, it may be 
necessary to remove the e^ 

to a malfunction. In this drcninstance, a omremti«n»i *h<]\ string in used to drill 

OTttte interior sections oi^ 
20 the remaining sections. In a preferred embodiment, the interior elements of the 

apparatus 900 are fabricated from materials such as, for example, cement and 

duniimnn, that permit a con vrotional diffi string 

ulterior components, 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 906 and shoe 908^ 

cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 

thetabricatomandr^ 

954, the bc^ of cement 956\ the 

are selected to permit at least some of these components to bo drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b t 10c, 106% lOe, 10f, and lOg a method and 
apparatus for creating a tie-back liner in a wellbare will now be described. As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
6 The first raming 1004 preferably includes a tubular liner 1008 and a cement 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulus 1014. In a preferred embodiment, the second casing 1006 
is formed by ewpanriiTtg a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. 11a- 111 
10 In a particularly preferred embodiment, an upper portion of the tubular 
liner 1012 overlaps with a k>wm pui Lion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105. a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controUably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 
25 modified in accordance with the teachings of the present diadosure. In a preferred 
e mb odiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by referent 
present disclosure. 

30 The tubular member 1110 is coupled to and supported fry the expandable 
mandrel 1105. The tubular member 1105 is expanded m the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods, 
The inner and outer diameters of the fibular member 1110 inay range, for 
5 example, from approximate^ 
In a preferred embodiment, the inner and outer diameters of the tub ular member 
1110 range fremi ahoutS to 15£iiH^ 

to optimally provide coverage for typical oMeld casing s«es. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred emhoriimmit, the upper end portion of the tabular member 

1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minim ise the possibility of buckling. For typical tubular member 1110 mater ials, 
15 the lengthofthe tubular member 1110 is prefei^br limited to between about 40 
to 20,000 feet in length. 

The shoe 1116 is coupled to the expandable mandrd 1105 and the tabular 
member 1110. The shoe 11 16 includes the fluid passage 1135. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super SeslHilort 

with a sealing sleeve fin* a latch down plug modified in accordance with the 
t eachings of the present disclosure. In a preferr e d *m1wwK™»™» the shoo 1116 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side porta radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dal^ 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular i 

isolate the interior of the tabular member 1100 alter the latch dewn plug has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
30 expansion and cementing operations. 

In a prefl erred embodiment, l^dioe 1115 inctades one or more side out^ 
ports 1140 in fluidk conmmnication with the fiuid passage 1135. In this manner, 
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thfl shoe 1115 injects hardenable fluidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commeraaUy available cup seals 
such as. for nxfimnla TP cuds or Selective Infection Packer fSTPl enpu rrwlifi^ Iti 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cop, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1 105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3 ,000 galkms/minute and 0 to 9,000 psi In order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits fluidic mntmnh to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phzg, or other similar device 
passages 1140 to thereby block farther passage of fluidic materials In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105, This permits the interior region of to 
the expandable mandrel 1106 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoellie. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud 

about 0 to 3,000 ga nonsA n hmttt and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member U10 and tto 
fluids materials. In a preferred embod 

inlet geometry that can receive a dart and/or a ball sealing member. In this 
16 manner, the fluid passages 1140 can be sealed off by mtroducing a plug, dart 

and/or ball sealing elements into the fluid passage 1130. In a preferred 

embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 

inlet passage coupled to the fluid passages 1140 that is adapted to receiv© a plug, 
20 or other similar device, to 

to be fluidicry isolated from the exterior of the tu^ 

The seals U45 are coupled to and sin^xn^by atowerendrjortionof the 

tubular member 1110. The seals 1145 are fiirth^ 

of the lower end portion of the tubular member 1110. The seals 1146 permit the 
26 overlapping jomt between 

end portion of the tubular menirjer lUOtobsflmdicryaeal^ 

The seals 1146 may comprise any number of conventional commercially 
available seals such as, fo^ 

in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise sealsmolded from Stratalock epoxy av ailable 
from Halliburton Energy Services in Dallas, TK in order to optimally provide a 
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hydraulic seal in the overlapping joint and optimallypravidek)ad carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient fxictional force to support the expanded tubular member 1 110 from the 
6 tubular liner 1008, In a preferred embodiment, the frictional force provided by the 
seals 1145 ranges from about 1 9 000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 mto the wellborn 1000. In a preferred wmboHimmt, the support 
member 1150 further includes one or more conventional centranters (not 
illustrated) to help stabilize the tubular member 1110. 

In a p referre d embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of tte tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based lubricants or Climax 1500 Antiseize (3100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antieeize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the mtrodnction of foreign material into the apparatus 1100 is minimised. 
This wiintwMMHi the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 inc l u des a 
30 packer 1155 coupled to the bottom Bection of the shoe 1115 for ihridkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, ffnidic 
materials are prevented from entering the region of the wellbcre 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
l&elowthetie-backmplaceoftte In another alternative embodiment, 

the packer 1155 may be omitted. 

In a pr e f erred embodiment, before or after positioning the apparatus 1100 
withm the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign material 

clogup the various flow passages and valves of the ap p aratu s 1100 and to ensure 
that no foreign material mterferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hard enable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1 1 40. 
The material 1160 then exits the apparatus 1100 and fills the angular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galtons/tnin, respectively, maprefarred embodiment 

into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fhnVi being pumped. The optimum flow rates 
and pressures are p»fay»Hfr A*iinifltfd using *n^vrntfon*l wrpirical methods, 

30 The harden/thle fhiidic sealing material 1160 may comprise any number of 

conventional commercially available hardenabb fluidic sealing materials such as, 
for example, slag mix. cement or epoxy. In a preferred embodiment, the 
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hardenable fhiidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas , TX in order to optimally provide proper support for the tubular 
memb er 1110 while mamtafning optimum flow characteristics so as to mrniniirp 
5 operational difficulties during the displacement of cement in the nnnnlpr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 

10 PTinnlflr region will be filled with material 1160. 

AflflhistratedinFig. lOd, once the annn Inr region has been adequately filled 
with material 1 160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby fiuididy isolating the interior 
region ofthe tubular member 1110 Ihmi the a 

15 member 1110. InapTeferredemlx)dmient,aM 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are mtroduced 
into the fluid passage 1 140 with the introduction of the non h a r d en ahl ft fluidk 

20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimised. 

As illustrated in Fig. 10e, ones the interior region becomes sufficiently 
pressurised, the tubular member 1110 is extruded off of the expan 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion or the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1 165 into the fluid passage 1 1 SO at a surface location in a 
conventional manner Hie plugs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber b alia, or darts modified in accordance with the teachings 
ofthe present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenabie ftuidk material 1161 is preferably pumped into the interior region of 
the tubular member 1U0 below the mandrel 1105 at pressures and flow rates 
r anging from approximately 500 to 9,000 psi and 40 to 3,000 galtans/min. 
In a preferred embodiment, after placement of the plugs 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 1b preferably pumped into the 
10 interior region of the tubular member 1110 be^w the mandrd 1105 id pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallona/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximate^ 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandre l 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrasian process, thee 

out of the ex panded portion of the tubular member 1110 at rates ranging, for 
example, from aboutO to 5 ft/sec. Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1 110 at rates ranging from about 0 to 2 it/nee in enter tn np tmmny 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process wffl be onm 

In a preferred embodiment, at least a portion 1M0 of the tabular n^ 
1110 has an internal diameter less thm U06. 
Ia this manner, when the mandrel 1105 expaiHis the section 1180 of the tubular 
30 member 1110, at 1^ 

at least the wem>ore casing lOli Inapaitfcubtrfr preferred embodiment, the seal 
is effected by compressing the seals 1016 between the expanded flection 11 80 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 en sure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 

15 provide optimal rpsistff rr» to that, the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the e xpandable mandrel 1105 
r eaches the upper end portion of the tubular member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1106 can be minlmfxed In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear feshion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximately all but about 5 feet of the extrusion process, 

Alternnthrly. xrr m rrrmrfoptk™ t ■ tiwk nfrfwrivar \n provide in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 



Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105 r 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of die joint between theupper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1 008 is satisfactory, then the uncured portion of the material 1 160 within the 
expanded tubular member 1U0 is thenremorved in a conventional manner . The 
10 material 1160 within the annular rt^n between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. lOf; preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventi onal man n e r uamga conventional drill string. The resulting tie- back liner 
15 of casing 1170 includes the PTptmded tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10& the remaining bottom portion of the apparatus 
1 1 00 comprising the shoe 1 1 15 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and 
20 In a particular^ preferred embodiment, the apparatus 1 1 00 incorporates 

the apparatus 900. 

Referring now to Figs. 1 la-1 1£ an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbare casing will now be described. 
As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 mrhidmi uti minting ~~ritm 1 ?10 having 
a tubular casing 1215 and an annular outer taper of cement 1220* 

In order to extend the wellbore 1200 mlofljeBuWerraneanfonna^l^ 
a drill string 1225 Is used in a well known nurnnrr to drill out material from the 
subterranean formation 1205 to form a new section 1280. 
30 AsflhwtratedmFig.ift^ 

in a subterranean formation is thai positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferAfe includes an expandable mandr el or 
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. pig 1305, a tubular member 1310, a shoe 13 15, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expend in a radial direction. Hie expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.& Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tabular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tabular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tuning/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. Theinnerradonterdiametersof the txibularmember 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectrvery in order 
to optimalfr rnmvHr Trip*™* teleacopingeffect in the most commonly encountered 
wellbore fixes. 

25 In a preferred embodiment, the tubular member 1310 i n clu d e s an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the waUth^ 

1355 of the tubular member 1310 range from about 3/8 to 1 V* inches and 3 V* to 
16 inches, respectively. In a preferred embodiment, the wall t h irk npre end outer 
30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodime nt, the wall thickness and outer diameter of the lower portion 1965 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thipVriP^ of the 
intermediate section 1380 of the tubular member 1310 is less than or equal to the 
5 wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimafy&dffiatette 

and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 

10 preferred embodiment, the upper and portion 1865 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or alow down the mandrel 
1305 when it completes the ftxtnimnn of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimise the 
possibility of buckling. For typical tabular member 1310 materials, the length of 

15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down phig modified in *xoxdanoe with tte 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve far alatch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of the present disclosure, in order to optimally gnkfe th» tubular m^rr. W 
1310 into the wellbore 1200, optimally fluidity isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cpmrntfng operations, 

In a p referred embodiment, the shoe 13 15 further includ es one or more side 

30 outlet ports in ftuidlc oommunication with the fluid passage 1330, Inthismanner, 
the shoe 1315 preferably hqaefcs haxdenable aealingmaterial bitrt the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 in^hidf^ the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures rangmg from about 0 to 3,0(K) gallon 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cxoss- 
sectional shape that permits a phig, or otlier similaT device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. TWs permits the interior region 1370 of the tnlralarinember 1310 
below the fTpflfid«h*» mimrfwri isofitahg pressurised . The fluid passage 1330 is 
preferably positioned substantially along the ce nte r iin e of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and press u res ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally HI the annular 
regionbetween the tabular men^ 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the Quid passage 1320. 

The fluid passage 1336 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communi cat i on with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centerline of the apparatus 1300. Hie fluid 
passage 1335 is preferahfr selected to convey materials such as cement, drilling 
10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaflonafaiinute and 0 to 9,000 psi in order to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1365 
15 of the tubular member 1310. The seals 1340 are tether positioned on an outer 
surface of the upper end portion 1355 of the tubular member 131 0 . The seals 1340 
permit the overlapping joint between the tower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicfr sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 
20 such as, for example, lead, rubber, Teflon, or epo^y seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratatock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annuhis of the overlapping jomt white 
26 to withstand typical tensile and compressive loads. 

In a preferred embodiment the seals 1340 are selected to optimally provide 
asufBcimtfrictionalfbrceto 

existing casing 1215. In a preferred Amlwwiy^, thfr friftkmal force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305 f 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an friym*1»r member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodim ent, the support member 1345 further includes one or more conventional 
centrali2ers (not illustrated) to help stabilize the tubular member 1310. 

5 In a preferred embodiment, the support member 1846 is tbor^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction of foreign material into the apparatus 1300 is minimiz ed. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1 300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled The wiper phig 1350 may 

comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a pi^erred embodiment, the wipeT phig 13«) comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, IX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embcniiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process* 

As illustrated in Fig. lie, a hardenable fluidic sealing material 1380 ia then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the mterior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 13 10 ajxi ofthewellbore 
1200. Continued puinping of the material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallon a/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallonafaiin, respectively, in order to optimally 

10 fill the annular region between the tubular member 1310 and the new ae<iion 1230 
of the weHbore 1200 with the harrianahle fluidic sealing material 1380. 

Thehaxxienabtefinidlc 
conventional commercially available har riVnithV fluidic Healing materials such as, 
for example, slag mix, cement or epozy. In a preferred embodiment, the 

15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drflled and avaflabteft^^ 
Services in order to opthnally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 Hie annular region 1390 preferably is filled with the material 1380 in 
sufficient q uantities to ensure that, upon redial expansion of the tabular member 
1310, the annular region 1390 of the new section 1230 ofthewellbore 1200 wffl be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1 39 5, or other ^Hirr device, is introduced 
into the fluid passage 1320- The wiper dart 1395 is preferably pumped throughthe 
fluid passage 1320 by a non hardenabk fluidk material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1360. 

As ilhistrated in Kg. He, m a preferred embodiment^ engagement of the 

30 wiper dart 1395 witt the wip^ 

n^ the mimdrel 1305. The wiper dart 1 395 and wiper phig 1 350 1 hen preferably 
will lodge in the fluid passage 1330, thereby blocking fluH fi^ 
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passage 1330, and ftuidicly isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. During the extrusion |mK«8B,theernandablemandTOl 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such as, 
for example , Multiple Stage Cementer latch-down plugs, Omega latch-down phifcs 
or three wiper latch-down plug/dart modified in accordance with, the teachings of 
15 the present disclosure. In a preferred embodhnen^ 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
frcmHallibxirtonE 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into Hie 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pei and 0 to 1,500 galtoiis/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 13l0isminimixecL 

In a preferred embodiment, after blockmg the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangn^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 maintain jgrpgnsion process at rates sufficient to permit adjustments to be 
mad* in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a fraction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of hibricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional grapirfnil method s. 
10 During the e xtrusion pn>c^ the exp a ndabl e mandrel 1305 m 

out of the expanded portion of the tubular member 1310 at rates ranging; for 
example, from about 0 to 6 ft/sea In a preferred embodiment, during the ext rusio n 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the ggfa-y g ym process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface of the upper end portion 
20 1355 oftiie tubular member 13M 

lower end portion of the easily The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressiro 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure sufficient to ensure annular sealing and provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred emhoriimrnt, the sealing members 1340 will ensure an 
adequate fhxidic and gaseous aeal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
30 har rim a h l ft f h iMic m a t^ 
mandrel 1305 reaches the up 

In this manner, the sudden release of pressure eausedty the complete eactnision 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimi red. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 m the upper end portion 1356 ofthe tubular member 1310 m 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellbore 1200, In a preferred mrihorirment, either before or after 
the removal ofthe expandable mandrel 1305, the integrity ofthe fhiidic seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casmg 12 15 is tested using ccorvm If the 

fluidic seal of the overlapping joint between the upper portion 1855 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed ina conventi onal manne r Th« material 1380 wfthinth* annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf t preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 ofcaangUOOincmd^ 1310 and an outer annular 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisiinj the shoe m 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been desert 

in the borehole, A body of ttuidic material U then ir^eetedmto the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 



The injecting preferably includes injecting a harden able fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenahle ftnidic material into an interior region of the 
tubular liner below the mandrel The method preferably includes fluidicly 
5 isolating the annular region from the mtarior region before injecting the second 
quantity of the nan hardenahle sealing material into the interior region. The 
injecting the hardenahle fluidic sealing material is preferably provided at 
operating pressures and flow rates rangmg frcmi about 0 to 5000 pa and 0 to 1,500 
gaUonaftnin. The injecting of the non hardenabie fluidk material is preferably 

10 provided at operating pressure 

and 40 to 3,000 gaUons/miau The mjecttqgof the nan hardenahle fluidic material 
is preferabry provided at reduced operating pressures and fkw rates during an ei^ 
portion of the extruding. The non hardenahle fluidic material is preferably 
iiyarted below the mandrel Themethcrfpreferabfymdudespreesu^ 

16 of the tubular linar below the mandreL The region of the tubular liner below the 
mandrel is preferabry pressurized to pressures rangingrrom about 500 
The method preferably includes fluidicly isolating an Interior region of the tubular 
liner from an exterior region of the tubular liner. The method farther preferably 
includes curing the hardenahle se 

20 of the cured sealingmaterial located within the tubular Imcr. The method farther 
preferabry includes overi 

The method farther preferably includes sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tabular liner using the overlap with the existing wellbore 

25 casing. The method ftuther preferably ^ 

the overlap between the tubular liner and the existing wellbore casing The 
method Anther preferably includes removing at least a portion «f l»»™Vm ft fr fr 
fluidic sealmginateiialwithm The method farther 

preferably includes lubricating the surface of the mandrel The method farther 

30 preferabry includes absorbing abode The method farther preferabry includes 
catching the mandrel upon the complex of the extruding 



An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and indudes a second fluid passage. 
5 The tubular member is coupled to the inandreL 1^ shoe is cotipled to tlie tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably mrhiriffl one or more sealing members 
aifiT+H to fnrmtntftw^^n material from entering an interior region of the tubular 
member The mandrel la preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psi. The tubular 
memb er preferably include* one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief boles at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down themandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tabular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping r el at io nsh ip , pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
tubular member is preferabty 
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600 to 9,000 psL The pressurising of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
6 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
i nc lu des lubricating the surface of the mandraL The method further preferably 
includes absorbing shock 

A liner for use in creating a new section of weHbore casuig in a subterranean 
10 formation adja cent to an already existing section of wtflbore casing has been 
described tha t f nc h i d eg an annular member. lbs ammlarmetnber includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member, 
A wellbore casing has been described 
15 ajmularbodyofacuredfhi^ The tabular liner is formed by the 

process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weHbore , and pressurizing an interior portion of the tubular liner. The 
annular body of the cored fluid* sealing material is preferably formed by the 
20 pro<^ of objecting a bc^tf 

region external of the tubular Knar, liming tl*> pi^^i^rr^ the interior portion 
of the tubular liner is preferably fhiidic^ 

tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psi The tubular liner preferably 
25 overlaps with an existmgwellbcra The weDbore casing preferably farther 

includesaBealrxwitionadm^ 

wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wdlbore casing. 

A method of repairing an existing section of a weHbore casing within a 
30 borehole hajj been described that in^ 
within tbaweffi>CTO casing 

pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the Hner in the borehole by extruding the liner off of the mandreL In 
a preferred embodiment, the fluidic material is selected &om the group consisting 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubular liner 

5 from an exterior region of the tubular liner. In a prefe rred embodiment, the 
injecting qfthebodfrofftxidk and flow 

rate* ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/inin. In a 
preferred embodiment, the injectiiig of the body of fluids 
reduced opexatmg pressures and flow rates duringan end portion of the extruding. 

10 In a preferred embodiment, the fluidic material is injected below the mandreL In 
a preferred embodiment, a region of the tubular Knar below the mandrel is 
pressurised. In a preferred emb<xuinent f the regkm of the tubular liner bekw 
mandrel is pressurized to pressures ranging from about 500 to 9,000 pal In a 
preferred embodiment, the method further includes overlapping the tubular liner 

15 with tV ^**™g wallWe caging. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method f^ 

20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
man dr el upon the completion of the extruding. In a preferred embodiment, the 

26 method further includes expanding the mandrel in a radial direction. 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material. The tubular Hxxex^ 

off of a mandrel The a^nter body of a cured fluidic sealing material is coupled 
30 to the tubular liner, ma preferred embodmient, the tu^ 

process of pladng the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the todmlar fa a preferred embodiment, 
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during the pressurizing, them 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular lin»ia pressurized at pressure 
500 to 9,000 psi. In a preferred embodiment, the annular body of a cured fiuidic 
5 sealing material is formed fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred rnnhnrlim^ t, the tie-back liner 
further includes a seal positioned in the cftoxIhp between the tubular liner and the 
10 other existing weQbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbare 

casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member ia coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion , and an 

20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a dr illab le body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferabty, the expansion cone isfsi 

consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surfk»hardbtteas ranging tr^ Preferably at least a 

portion of the apparatus ia drillable. 

Although flhafaatwe embodiments of the invention have been ahown and 
described, a wide range of modification, changes and snhrttortUm ia contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended clairo 
in a manner consistent with the scope of the invention. 
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Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 izyectingflaidic material into the borehole; 

5 pressurising a portion of an interior region of the tubular liner, and 

6 radially expan d in g at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of themandreL 

12, A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 c omposing ^ 

4 drilling out a new section of the borehole adjacent to the already existing 

5 cosing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 iiyecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 fluidkry isolating the annular regkm between the tubular liner and tba new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable flnkftc material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Unar off of the expanda bl e mand rel; 

17 sealing the overlap between the tabular liner and the already existing 

18 nwffynjn 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing; 
removing at least a portion of the hardenabke fluidic sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

material; and 
removing at least a portion of the cn 

within the tubular liner. 

An apparatus for expanding a tubular member, comprising: 

a support member, the support ntemberinduding a lh^fbU passage; 

a mandrel coupled to the support member the mandrel including: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
a ahoe coaled to the tubular liner 

wherein the first, second and third fluid passages are operably coupled. 

An apparatus for yp^mtiwig » tubular member, comprising: 
a support member! the support member in cluding : 

a first fluid passage; 

a second fluid parage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel ^hiding a third fluid passage coupled to the first fluid 
passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing dements; 
a shoe coupled to the tubcilar member, to 

a fourth fluid passage coupled to the thinifhiH passage, the fourth 

fhnd passage adapted to receive a stop member; and 
one ox more exhaust passages coupled to the fourth fluid pas^ 
injecting fluidic n^tcriid outside of the shoe; an^ 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior region of the tubular member, 

1 5. A method ofjoining a second 

2 first tubular member having an inner diameter greater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

€ pressurixingaportion of the interior region of 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an gyinrtiflr member, the n ^n Trtar member including : 

3 one or more nesting members at an end portion of the annular 

4 member, and 

5 one or more pressure relief passages 

6 member. 

1 7. A wellbore caning, comprising: 

2 a tubular liner, the tubular lmw formed by the process of: 

3 extruding the tubular Hner off of e mandrel; and 

4 an annular body of a cured fhiidfc sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining tm eaisttng J^M^fc Cfl TOp H^c' 

2 a tubular liner, the tubular liner formed by the process of: 

3 extrnrtmy at least a portion of mandr el; and 

4 an annul mr body of a cured fluidk ruling material coupled to the tubular 

5 liner. 
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1 g. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabry coupled to the first fluid passage; 

5 an mterior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
g an expandable tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe mduding: 
10 a third fluid passage operably coupled to the second fluid passage; 

U an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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